SUMMARY To test whether azathioprine is effective in rheumatoid arthritis in doses smaller than those normally used the drug was tested at 2 dosage levels, 2@5 and 1-25 mg/kg/day (2-5 AZ and 1 -25 AZ), against placebo under double-blind conditions over 24 weeks. Dropouts were 7 out of 15 in the 2 5 AZ group, 4 out of 14 in the 1 *25 AZ group, and 2 out of 13 in the placebo group. Some significant improvement occurred in all 3 groups, including those on placebo. However, the 2* 5 AZ group fared significantly better than the placebo group, while the 1 -25 AZ group results tended to fall between the other 2 groups. We conclude that, in order to obtain the reported effectiveness of azathioprine in rheumatoid arthritis, it is necessary to start treatment with 2 5 mg/kg/day. Halving this dosage reduces the effectiveness of the drug.
Active and progressive rheumatoid arthritis is usually treated with one of the 'slow acting' group of drugs which includes gold, penicillamine, and the 'immunosuppressive' (antiproliferative) agents. Potentially serious toxicity combined with the need for regular blood count monitoring limits the usefulness of these 'slow acting' drugs. Azathioprine is perhaps the easiest of this group to manage.1 However, the slight but probable oncogenic hazard remains a major drawback to its usefulness.2 3 How antiproliferative drugs predispose to neoplasia is unknown. The risk has not been shown to be clearly related to dose,3 but it nevertheless seems sensible to limit the dosage level to that which will achieve a satisfactory therapeutic effect. Early studies in rheumatoid arthritis4 used a dose of [2] [3] [4] [5] mg/kg/day, based on the successful use of this drug in renal transplantation. Subsequent attempts to test the effectiveness of low doses have not given clear results.5-8 We have therefore tested the drug at 2 doses-2 5 and 1-25 mg/kg/day-against placebo the past 3 months. Their disease had to be severe enough to warrant treatment with azathioprine, either because of active and persistent inflammatory joint disease despite full anti-inflammatory and analgesic therapy or because of progression of radiological damage. A blood count obtained within 1 month of entry had to satisfy the following minimum criteria: total leucocytes 4 0 x 109/l, platelets 175 x 109/l, and haemoglobin of 10 g/dl. Patients previously treated with azathioprine, or who within the previous 3 months had received gold, corticosteroids, penicillamine, or immunosuppressive drugs, were excluded. Other reasons for exclusion were age under 20, the possibility of pregnancy, persistent troublesome dyspepsia, and evidence of liver or renal disease (blood urea over 7 mmol/l).
There were 3 treatment groups: azathioprine 2 5 mg/kg daily (2 5 AZ), azathioprine 1-25 mg/kg daily (1 * 25 AZ), and placebo. The drugs were prepared as matching tablets and given in 2 divided doses daily. Patients were stratified for duration of disease (less than or more than 5 years) and for the severity of arthritis (joint number less than 6, 6 to 9, or more than 9). Allocation to a treatment group was balanced by the process of 'minimisation'.9
On entry to the trial patients were invariably on full dosages of anti-inflammatory drugs, and these were continued throughout the trial, which was carried out under double-blind conditions. A trial controller allocated treatment once the initial assessments (week -2) had been carried out Grip strength. 2' 5 AZ was significantly better than placebo at 24 weeks. Fig. 1 illustrates the pattern of change in these variables over the 6 months. In general all improved gradually over the period of the study, and, except for grip strength, the placebo group improved significantly too. However, there was throughout a clear trend for the high dose to be more effective than the half dose, which in turn was more effective than placebo.
Functional capacity, haemoglobin, and erythrocyte sedimentation rate showed no treatment effect, although, as with the clinical parameters, changes were dependent on the initial values.
Withdrawals. There were 7 withdrawals (47%) from 2 5 AZ, 4 (29%) from IP25 AZ, and 2 (15%) from placebo. This difference in number of patients withdrawn did not reach statistical significance. Nine out of 14 men were withdrawn compared with 4 out of 28 women, but there was a tendency for there to be more males in the high-dose group. None of these differences reached significance. The reasons for withdrawal are shown in Table 2 . Generally withdrawals tended to occur early in the trial, and only 1 patient (IP25 AZ group) was withdrawn because of lack of effectiveness. Discriminant analysis showed that of the entry variables male sex and mild symptoms (on the visual analogue scale) correlated best with dropout.
Compliance. The effect of noncompliance did not significantly alter the results.
Analgesic consumption. There were no consistent differences between the groups. In particular the improvement in the 2 5 AZ group could not be accounted for by greater analgesic consumption.
PHYSICIANS' ASSESSMENT
At the end of the trial the physicians were presented with a set of figures giving initial and final values for each variable for all patients. The physicians were then asked to grade ('blind') the response of each patient. Patients judged to have improved significantly contained more 2-5 AZ patients than either of the other treatments. Discriminant analysis suggested that patients who did well had a high initial joint score, received 2 5 AZ, and at 4 weeks had little morning stiffness and good functional capacity. However, early improvements in morning stiffness and functional capacity were not such good predictors of the final outcome as judged by the trial physicians.
Discussion
These results need to be interpreted with caution because of the small numbers of patients in each treatment group and because of the relatively high withdrawal rate. Withdrawal of patients may affect the result of the trial in a number of ways. It could be argued that patients receiving little benefit from the trial medication may be more likely to complain of unwanted effects and hence be withdrawn. This would bias the result in favour of patients who have responded well. We do not feel this factor played a significant part in this trial, as the majority of the dropouts occurred within the first 3 months before the patient had been led to expect any noticeable improvement. Withdrawals because of ineffectiveness could produce a similar bias; we had only 1 patient-in the 1-25 AZ group-withdrawn for this reason.
A notable aspect of these results is the improvement seen in the placebo group. The fact that this reached statistical significance for a number of variables is a reminder that the sheet anchor of testing the effectiveness of 'slow-acting' drugs in rheumatoid arthritis remains the double-blind comparison with placebo, demanding though the ethical and logistic aspects of this are.
These results confirm again that azathioprine in a daily dosage of 2-5 mg/kg is an effective slowacting drug in rheumatoid arthritis. The relatively small numbers in the treatment groups do not permit one to draw precise conclusions about the effectiveness of 1-25 mg/kg daily compared with full doses and with placebo, but the general trend of the results leave no doubt that the half dosage group fell somewhere between the other 2. It is tempting to interpret the lower dropout rate in the half-dosage group as pointing to a reduction in short-term effects compared with full dosage. In fact, this difference might well have occurred by chance.
We believe that azathioprine continues to have a place in the treatment of certain cases of severe rheumatoid arthritis. It is relatively easy to manage, and short-term toxicity is troublesome rather than dangerous.' It is the probable, slight risk of malignancy3 which places it after penicillamine and gold in the choice of slow-acting drugs. Although the mechanism of this oncogenesis is unknown and the relationship of-risk to dosage unproved, it is nevertheless mainly this consideration which makes it obligatory to employ the minimum effective dosage. The message from this study is that, if one is to achieve the-admittedly modest-effect of azathioprine in full, then it is probably necessary to start with a daily dose of about 2 5 mg/kg.
How long should full doses be continued? This study again shows that improvement in a slowacting drug continues for at least 6 months. On this evidence it would seem reasonable to regard 6 months on full doses as an adequate test of the effectiveness of the drug in an individual patient, while for those who both tolerate the drug and improve on it continuing full doses for a total of 1 year probably achieves maximum effectiveness. After 12 months there is a strong case for progressively reducing the dose to the minimum which will maintain this effect. Improvement may be maintained over a number of years on small daily doses, with the patient relapsing if the drug is finally withdrawn altogether." The striking parallel with the situation when azathioprine is used to prevent rejection of renal transplants'2 perhaps points to the effectiveness of the drug depending on a similar mechanism in these 2 conditions.
